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Abstract 
Combinations between underlying sensing layers (thin film Al doped SnO2, deposited on a substrate via magnetron 
sputtering technique) and filter layers (screen printed BaTi0,95Rh0,05O3) were used in order to decrease the cross 
interference to H2 for the detection of CO. It was demonstrated that the catalytic filter almost fully eliminates the 
response to H2 while preserving the ability to detect CO in the relevant concentration range in both humid and dry 
air backgrounds.
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
SnO2 is the most popular material for gas sensors based on semiconducting metal oxides due to its high sensitivity 
towards most target gases, fast response speed, low cost and compatibility to low power consumption transducer 
platforms [1]. Its low selectivity is the main obstacle in extending its application range and achieving it is still one 
unmet challenge. In solving this problem various methods were tested such as the use of catalysts and promoters, 
temperature control/modulation, specific surface additives and filters with various degree of success [2]; for 
example, most commercial sensors are provided with an active charcoal filter in order to get rid of the ethanol cross 
sensitivity [3]. Until now no noticeable progress has been gained on the selective detection of CO in the presence of 
H2. This challenge is a relevant application in fuel reforming processes [4]. H2 is a small molecule and cannot 
simply be stopped by using physical/passive filtering which uses the different kinetic diameter of the target gases. In 
addition the chemical active filtering is complicate due to both CO and H2 are having comparable activation 
energies. Nevertheless, it is known that by using filters with noble metals like Ru, Pt and Pd it is possible to increase 
the sensor selectivity [5]. Here, we present a new type of sensor comprising a combination of sensing and filtering 
layers, which is able to detect CO eliminating the cross sensitivity towards hydrogen. 
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Table 1. Deposition conditions and parameters of magnetron sputtered 1% Al-doped SnO2 sensitive layers 













SnO2 + 1at. %Al Sn Metal Al Metal 13 70 35 150 20 
2. Experimental 
As sensing material, SnO2 doped with 1 at. % Al was chosen. The thin film layer was deposited by employing the 
reactive magnetron sputtering technique onto a planar alumina substrate, provided with interdigitated Pt electrodes - 
for the read out of resistance changes - on the front side and with a Pt heater - to operate the sensor at well controlled 
temperatures - on the back side. The film growth of Al doped SnO2 was achieved by using two separated metallic 
targets, Sn and Al. The desired concentration of Al (1 at. %) in SnO2 was obtained by applying different powers on 
each target. The parameters for the magnetron sputtering procedure are presented in table 1. The substrate rotation 
during the coating procedure is necessary to obtain a homogenous distribution of the Al in the SnO2 matrix. 
Fig. 1. SEM pictures from SnO2+ 1 at % Al coatings; as-coated (a) and after heat-treatment at 800°C for 8h in air (b) 
Fig. 1 shows the microstructure of the crystalline SnO2 layer doped with 0.5 mol. % Al2O3 in the as coated state and 
after heat treatment at 800°C for 8 hours in static air. A columnar structure with a feathery morphology can be 
observed. This columnar microstructure results from the so called shadowing effect caused by the sample rotation 
during the coating process. The columnar structure grows in a preferred crystallographic direction. Non-favorable 
oriented columns have less chance to grow due to the “sunrise-sunset” line of sight shadowing effect caused by the 
neighboring columns at the coating. This shadowing effect results due to the sample rotation [6] 
Onto the as deposited sensing layer, a chemically synthesized BaTiO3-perovskite powder – in which some of the Ti-
sites are replaced by Rh-ions (BaTi0,95Rh0,05O3) - was screen printed to function as a catalytic filter layer. The 
perovskite powder was synthesized via the co-precipitation method under vigorous stirring of Ba- and Rh-nitrates 
and Ti-iso-propoxide. The gel was subsequently dried with a rotary evaporator and finally the resulting powder was 
calcined at 700°C for 3h in static air.  
The as prepared catalytic powder was mixed with propanediol to obtain a homogenous paste for the screen printing 
of the catalytic layer. Fig. 2 displays the cross section of the sensor-array showing the BaTi0,95Rh0,05O3-based
catalytic and the sensing layer, the Pt electrodes as well as the Al2O3 substrate. Finally the whole sensor was heat 
treated in a moving belt oven from 400° to 600°C. 
The influence of the catalytic layer on the sensor response to 30, 70, 100, 150 and 200 ppm of CO and 20, 30, 70, 
100 and 150 ppm of H2 pulses was measured by DC-resistive measurements with a Keithley DMM 199 multimeter. 
The behaviour of the uncoated Al doped and the coated sensor was checked at different temperatures (300°C, 
350°C, 400°C) in dry and humid air (50 % rel. humidity) with a gas flow of 200ml/min. All measurements were 
performed 3 times to ensure the reproducibility of the results.  
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Fig. 2. SEM picture of the cross section from the coated sensor with the different layers, the electrodes and the substrate.
3. Results
Time dependence of the resistance during exposure to 5 pulses of each CO and H2 at 300°C for both catalytic filter 
covered and uncovered sensing layers are shown in Figure 3. Sensor signal plots (defined as the ratio between the 
baseline resistance and the resistance during target gas exposure R0/RGas) towards CO and H2 concentrations as well 
as the temperature dependence are presented in Figure 4.  
The SnO2/Al2O3 sensor shows high sensitivity towards both gases with fast response and recovery time. Switching 
the background condition from dry air to humid air (50 % rel.) one observes the expected decrease of the baseline 
resistance as well as of the sensor signal for both target gases (Figure 4). The presence of the additional catalytic 
layer almost eliminates the sensitivity to H2 in dry air and completely gets rid of it in humid air. Even so the CO 
response is also decreased by the present of the catalytic filter, the detection of CO is still possible and the fast 
response and recovery times are preserved (Fig. 4). Moreover, on the opposite of the case without filter, in the 
presence of humidity the signals are increased. The temperature dependence of the sensor signal indicates that the 
role of the catalytic layer is more or less unaffected in this applied temperature range whereas the signals towards 
both gases are extremely decreasing with increasing temperature for the uncoated SnO2/Al2O3 sensor.  
Fig. 3. Resistance change of SnO2/Al2O3 sensor (black) and SnO2/Al2O3 sensor with additional filter (red) during exposure to CO and H2 pulses in 
dry (A) and humid air (B) at 300°C (left side). 
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Consequently one can assume that the presence of water is dramatically influencing the active role of the catalytic 
filter, increasing on one side the possible consumption of H2 – oxidation of hydrogen to water - so that the 
underlying sensing material is unaffected by its presence and allowing on the other side the diffusion of more CO - 
without burning it to CO2 - towards the sensitive layer. It is possible that the noble metal, in this case Rh, plays an 
important role, as it is previously reported with other noble metals such as Ru, Pt and Pd. This effect is attributed to 
the catalytic oxidation of hydrogen by the surface adsorbed oxygen and other oxygen containing species on the 
precious metal [5].  
Fig. 4 Sensor Signal plots towards CO and H2 of the uncoated SnO2/Al2O3 sample (A) and the coated sample (B) in dry air (a) and 50 % rel. 
humidity (b) at 300°C. 
4. Conclusion and Outlook 
The presented results demonstrated that due to the use of catalytic filters like the previous example one can fully 
eliminate the response towards H2 whereas it is still possible to detect CO. Currently the effect of the filter on other 
possible interfering gases is examined and the functioning of the catalytic filter layer is studied and its 
characteristics improved. Furthermore other catalytic filter with different kind of noble metals will be tested.  
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